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MATEMATICAL  PHYSICS  SOLUTIONS 

NET/JRF  ( JUNE-2011) 

Ql.  The  value  of  the  integral  J dz  z2e:  , where  C is  an  open  contour  in  the  complex  z -plane  as 


shown  in  the  figure  below,  is: 

(a)  — + e (b)  e-  — 

e e 

(c)  — — e (d)---e 

e e 

Ans:  (c)  “ (^-®) 

Solution:  If  we  complete  the  contour,  then  by  Cauchy  integral  theorem 

i i 

J dzz2e~  +J dzz2ez  - 0 =>  J dzz2ez  = - J dzz2e:  = - \z2e=  - 2 ze:  + 2ez  J 

-ic  c -1 

Q2.  Which  of  the  following  matrices  is  an  element  of  the  group  5*17(2)? 


lmz 

A 


i 5 
= — e 


(a) 


(c) 


f\  0 

v0  lj 


2 + i i 
3 1 + i 


fl  + i 

-1 

(b) 

a/3 

1 

V3 

1 — / 

l a/3 

VT 

r 1 

a/3] 

(d) 

2 

A^ 

2 

1 

l 2 

2 J 

Ans:  (b) 

Solution:  5*17(2)  is  a group  defined  as  following:  5*17(2)  = 


a - p 

fi  « . 


:a,P  e C;|or|"  + \fi[  = 1 


clearly  (b)  hold  the  property  of  5*17(2).  a = = — 1=  and  a = = -\=. 

a/3  v3  V3  V3 

Note:  5*17(2)  has  wide  applications  in  electroweak  interaction  covered  in  standard  model 
of  particle  physics. 
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Q3.  Let  a and  b be  two  distinct  three  dimensional  vectors.  Then  the  component  of  b that  is 
perpendicular  to  a is  given  by 

(ixs)  (b)  bj4axb)  ,,h  !tjk 


fiziks 


(a) 


a x 


,2 


b 2 ' ' b 

Ans:  (a) 

Solution:  a xb  = ah  sin  6 h where  h is  perpendicular  to  plane  containing 
a and  b and  pointing  upwards. 
a x (a  x b ) = ab  sin  6 (fi  x fi)  = -a 2b sin  6 k 


(d) 


a 


b sin  6k  = 


-ox 


(oxh) 


bsinOk  = 


a x 


(b  x a) 


Q4.  Let  pn{x)  (where  n = 0,l,2, ) be  a polynomial  of  degree  n with  real  coefficients, 

4 

defined  in  the  interval  2 < n < 4 . If  J p„  (x)pm  (x)dx  = S„m  , then 

2 

1 [~3~  1 

(a)  p0 (x)  = —j=  and  p\ (x)  = J— (-  3 - x)  (b)  p0(x ) = — j=  and  p\(x)  = V3  (3  + x) 


V2 

(c)  p0  (x)  = j and  pl  fc)  = j|  (3  - x) 


(d)  p0  (x)  = -j=  and  pt  (x)  = (3  - x) 


Ans:  (d) 

Solution:  For  n not  equal  to  m kroneker  delta  become  zero.  One  positive  and  one  negative  term 
can  make  integral  zero.  So  answer  may  be  (c)  or  (d).  Now  take  n = m = 0 so  po(x)  = ~^= 

a/2 

and  then  integrate,  (d)  is  correct  option  because  it  satisfies  the  equation  Check  by 
integration  and  by  orthogonal  property  of  Legendre  polynomial  also. 
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Q5.  Which  of  the  following  is  an  analytic  function  of  the  complex  variable  z = x + iy  in  the 
domain |z|  <2? 

(a)  (3  + x - iy )7  (b)  (l  + x + iy )4  (7  - x - iy )3 

(c)  (l-x-zy)4 (7-x  + zy)3  (d)  (x  + z>-l)1/2 

Ans:  (b) 

Solution:  Put  z = x + iy  . If  z = x-iy  appears  in  any  of  the  expressions  then  that  expression  is 
non-analytic.  For  option  (d)  we  have  a branch  point  singularity  as  the  power  is  which 
is  fractional.  Hence  only  option  (b)  is  analytic. 

fl  1 1 1: : ■ 

Q6.  Consider  the  matrix  M = 111 

b 1 u 
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A.  The  eigenvalues  of  M are 
(a)  0,1,2  (b)  0,  0,  3 

Ans:  (b) 

1 -A  1 

Solution:  For  eigen  values 


(c)  1,  1,  1 


(d)-  1,1,3 


1 


1 l-A  1 

1 1 1-/1 


= 0 


(l-/t)((l-/t)2  - 1)-  (l  - A - 1)+  l(l  - (l  - A))  = 0 

(l - A)(l  + A2  - 2A-l)+A  + A = 0^A2  - 2A-A3  + 2A2  + 2A  = 0 

A3 -3A2  = 0 =>  A2(A -3)  = 0 =>  A = 0,0,3 

For  any  zzxzz  matrix  having  all  elements  unity  eigenvalues  are  0,0,0,...,z? . 
B.  The  exponential  of  M simplifies  to  (/  is  the  3x3  identity  matrix) 


(a)  eM  =/  + 


v 3 , 


M 


(b)  eM  = I + M + 


M2 

~22. 


(c)  eM  =I  + 33M 
Ans:  (a) 


(d)  eM  =(e-\ )M 
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Solution:  For  eM  let  us  try  to  diagonalize  matrix  M using  similarity  transformation. 


"-2  1 1 " 

Xi 

"0" 

For  X = 3 , 

1 -2  1 

x2 

= 

0 

1 1 -2 

_X3_ 

0 

- 2xj  + x2  + x = 0 , Xj  - 2x2  + x3  = 0 , Xj  + x2  - 2x3  = 0 
-3x2  + 3x3  = 0 or  x2  = x3  =>  Xj  = x2  = x2  = k . 


Eigen  vector  is  lV3 
For  X = 0 , 


where  k = 1 . 


"1 

1 

f 

*1 

"0" 

1 

1 

1 

x2 

0 

1 

1 

1 

x3 

0 

Xj  + x,  + x3  = 0 


K 

" 1 " 

Let  Xj  =kx,x2  = k2  andx3  = kx  +k2.  Eigen  vector  is 

k2 

= 1/V2 

-1 

(ki+k2)_ 

1 

il 

(N 

II 

-isT 

' 1 ' 

Let  xl=kl,x2=k2  andx3  = -{k]  + k2).  Other  Eigen  vector 

1/V2 

0 

-1 

where 


where 


kx  = l,k2  =-l. 


' 0 

1 

f 

"1 

-2 

1 " 

5 = 

-1 

0 

1 

=> S -1  = 

2 

-1 

-1 

1 

-1 

1 

1 

-1 

1 

D = SlMS,M=SDS1. 


M o D ci- 1 v D 

e = be  S =>  e = 


1 0 0 
0 1 0 
0 0 e3 


eM  = 


1,  hElk 

3 
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An  unbiased  dice  is  thrown  three  times  successively.  The  probability  that  the  numbers  of 


dots  on  the  uppermost  surface  add  up  to  16  is 


(d) 


1 

216 


Ans:  (b) 

Solution:  We  can  get  sum  of  dice  as  16  in  total  six  ways  i.e.  three  ways  (6,  5,  5)  and  three  ways 
(6,  6,  4). 

Total  number  of  ways  for  3 dice  having  six  faces  =6x6x6 

6 _ 1 
6x6x6  36 

f oo  rl 1 1 ijjjjj 1 

Q8.  The  generating  function  F(x,t)  = VPs(if  for  the  Legendre  polynomials  Pn  (x) 

n= 0 

is F{x,  t)  = (l  - 2 xt  + t2)/2 . The  value  of  P3 (- 1)  is 
(a)  5/2  (b)  3/2  (c) +1  (d) -1 

Ans:  (d) 

Solution:  P3  = ^ (5x3  - 3x)  =>i>(-l)  = -| (5(- 1)3  - 3(- 1))  = | [- 5 + 3]  = - 1 

Q9.  The  equation  of  the  plane  that  is  tangent  to  the  surface  xyz  = 8 at  the  point  (l,  2, 4)  is 
(a)  x + 2 v + 4z  = 12  (b)  4x  + 2y  + z = 12 

(c)  x + 4y  + 2 = 0 (d)  x + y + z = 7 

Ans:  (b) 

Solution:  To  get  a normal  at  the  surface  lets  take  the  gradient 


* / \ A A A A A A 

V(xyxj  = yzi  + zxj  + kxy  = 8 i +4  j + 2k 
We  want  a plane  perpendicular  to  this  so:  (r  - r0 
[(x  - l)z  +(y-  2)j  + (z  - 4)k|  [s/  + 4/  + 2k  = 0 =>  4x  + 2y  + z = 12 . 


j (s/  + 4j  + 2k)  _ n 
' V64  + 16  + 4 
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Q10.  A 3 x 3 matrix  M has  7>[.M  ] = 6,  Ti\m  2 J = 26  and  7>[m3  ] = 90  . Which  of  the  following 
can  be  a possible  set  of  eigenvalues  of  Ml 

(a)  {1, 1, 4}  (b)  {- 1, 0, 7}  (c)  {- 1, 3, 4}  (d)  {2, 2, 2} 

Ans:  (c) 

Solution:  7r[M2]  = (-l)2  +(3)2  +(4)2  also  7/{.W  ']- 1“  U -13)'  -U)'  = 90. 
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Q 1 1 . Let  x,  (/ ) and  x2  (/ ) be  two  linearly  independent  solutions  of  the  differential  equation 

^ + 2 — + / {t)x  = 0 and  let  w(t)  = xl  (t)  ^X"2  ^ - x2  (/)-  . If  vv(0)  = 1,  then  vv(l)  is 

dt2  dt  7 W W lW  dt  2 V dt  W W 


given  by 

(a)  1 (b)  e2 

Ans:  (d) 

Solution:  W(t)  is  Wronskian  of  D.E. 

W = e Pd‘  = e~2'  =>W( l)  = A2 since/5  = 2 . 

Q12.  The  graph  of  the  function  /(x)  = 


(c)  He 


(d)  1/e2 


1 for  2 n <x<  2 n + 1 
0 for  2n  + 1 < x < 2 n + 2 


where  n = (0, 1, 2, ) is  shown  below.  Its  Laplace  transform  /(s)is 

/(*)■ 


(a) 


1 + e 


(b) 


1-e 


(c) 


v(l  + e s) 


(d) 


4-^’J 


Ans:  (c) 

oo  12  3 

Solution:  z(/(x))  = J e sxf(x)dx  = J e ■ 1 dx  +J  e ■ 0 dx  + J e ■ 1 dx  + . 

0 1 2 

+ 0+  1 — + =—  [e*-l]+  — [e 


. -ii 


-s 


JO 


- s 


- s 


i -3s  -2s  1 . 

le  -e  J+. 


A 

0 

2 

3 

1 5 

->  x 
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-s 


[- 1 + e~s  -e~2s  +A3s  + 

....]  = -[l-e"  +e-2i  _e-3s  +....] 

J 5 L J 

Since  Sx  = — — where  r = -e  s and  a = 1 =>£„,=  — 
1 — r s 


(i +*"). 


Q13.  The  first  few  terms  in  the  Taylor  series  expansion  of  the  function  f{x)  = sin  x around 


n 

x = — are: 
4 


<a>  V2 


1 + 


n 

x 

V 4y 


A ^ f ^\2 


H 

2! 


n 

x 

V 4 j 


H 

3! 


1 f 


x 

V 4y 


(b) 


V2 


1 + 


1 

ft' 

2 1 

f n A 

3 

X 

l 4 J 

2! 

X 

l 4 J 

3! 

X 

k 4y 

(c) 


^ 7T^\  1 f 

V 4 J y\  4 j 


(A)T2 


X2  X3 

1 — x + . 

2!  3! 


Ans:  (c) 

Solution:  / (x)  = sin. 


/ 

f 

r 


f 7t^ 


v^+y 


( 7t^ 


v^y 


n 1 

= COS  — = — j= 

4 V2 

. /r  1 
= -sin—  = — 7= 
4 V2 


So  Taylor’s  series  is  given  by 


1 + 

( n ^ 

1 

2 

1 

3 

x 

— 

x - 

— 

— 

x- 

— 

l 4 J 

2! 

V 

4 J 

3! 

V 

4 J 
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Q 14.  A vector  perpendicular  to  any  vector  that  lies  on  the  plane  defined  by  x + v + z = 5 , is 

(a)  i + j (b)  j + k (c)  i + j + k (d)  2 i + 3 / + 5k 

Ans:  (c) 


Solution:  Let  <j>  = x + y + z- 5 = 


8 -d  ~ d ^ 

7 h 7 b k 

dx  8y  dz  y 


(x  + y + z - 5)  = 7 + j + k . 
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Q15.  The  eigen  values  of  the  matrix  A = 

(b)  (0,7,7) 


1 2 3 

2 4 6 

3 6 9 


are 


(a)  (1,4,9) 
Ans:  (d) 


Solution:  For  eigenvalues  \A  - T/|  = 0 


(c)  (0,1,13) 


1 -<X  2 3 

2 4-/1  6 

3 6 9-A 


= 0 


(1  - A)[(4  - A\9  -A)- 36]  - 2[2(9  - A)  - 1 8]  + 3[l2  - 3(4  - A)]  = 0 
(1  - /i)(4  - i)(9  - T) - 36(1  - A) - 4(9  - /l) + 36  + 9/1  = 0 
A3  -14 A2  = 0^A2(A-14)=0=>A  = 0,  0,  14. 

1 


(d)  (0,0,14) 


Q16.  The  first  few  terms  in  the  Laurent  series  for 


(z-l)(z-2) 


in  the  region  1 < z < 2 and 


around  z = 1 is 
(a)  ^-[l  + z + z2  + .... 


(°)  — 


_ ^2  ^3 

, z z z 

1 + — + — + — + .... 
2 4 8 


, 1 1 

, 2 4 

1+-+— +.... 

1+-+— +.... 

z z2 

L z z2 

(b)  + z-(l-z)2+(l-z)3+.... 

1 — z 


(d)  2(z-l)+5(z-l)2+7(z-l)3+.... 


Ans: 
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Solution: 


1 


1 


1 


1 


- + ■ 


(z-l)(z-2)  z-2  z — 1 1 — z (z-l)-l  1- 

1 


L-  = -!—(l  + (l-r»- 


1 - z 

1 

1 — z 


21 


31 


z + (l-z)2  -(l-z)3  + .... 


Q17.  Let  u{x, y)=  x + -^-(x2  - y2)  be  the  real  part  of  analytic  function  /(z)  of  the  complex 


variable  z = x + i y . The  imaginary  part  of  /(z)  is 
(a)  y + xy  (b)  xy  (c)  y 

Ans:  (a) 

Solution:  u(x, y)  = x + -^-(x2  - y2),  v(x,y)  = ? 

, du  Gv  , du  dv 

Check  — = — and — = . 

ox  Gy  Gy  dx 

du  dv  dv  r/  \ 

=^  — = — , — = 1 + x v = y + 40f + /(•*) 

dx  Gy  Gy 


(d  )y2-x2 


du  dv  dv 


= +y 


v = yx+f(y) 


dy  dx  dx 
y + xy  + f(x)  = yx  + f(y) 

/W  = ° f(y)  = y 

V = xy  + y 

Q18.  Let  y(  x) be  a continuous  real  function  in  the  range  0 and 2 n,  satisfying  the 


inhomogeneous  differential  equation:  sinx^-^-  + cosx—  = 8 

dx  dx 


x 

V 2y 


The  value  of  dyldx  at  the  point  x = n / 2 

(a)  is  continuous 

(c)  has  a discontinuity  of  1/3 


(b)  has  a discontinuity  of  3 
(d)  has  a discontinuity  of  1 
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Ans:  (d) 

Solution:  After  dividing  by  sin  x , + cot  x — = cosec  28 

dx1  dx 


fiziks 
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A ' 

x 

V 2y 


Integrating  both  sides, 


dy_ 

dx 


[ cotx 

(dy^ 

dx  = cosec  xS 

f x) 

J 

ydx  j 

J 

l 2 J 

dx 


— + cotx-  v - f cosec  x-  ydx  = 1 

dx  ■* 


Using  Dirac  delta  property:  J f(x)S(x  - x0 ) = /(x0 ) (it  lies  with  the  limit). 


dv  cosx 

— — t y — ; — 
dx  sin  x 


+ 


Jy  sin2  xdx  = 1 , at  x = ;r;sinx  = 0 . So  this  is  point  of  discontinuity. 


Q19.  A ball  is  picked  at  random  from  one  of  two  boxes  that  contain  2 black  and  3 white  and  3 
black  and  4white  balls  respectively.  What  is  the  probability  that  it  is  white? 


(c)  36/70 


(a)  34/70  (b)  41/70 

Ans:  (b) 

Solution:  Probability  of  picking  white  ball 

3 4 

From  box  I = — and  from  box  II  = — 
5 7 


Probability  of  picking  a white  ball  from  either  of  the  two  boxes  is  = — 


Q20.  The  eigenvalues  of  the  antisymmetric  matrix 

r 0 -«3  n2  ^ 

A = 


(d)  29/70 


41 

70 


«3  0 -ni 

- n2  n\  0 


where  m , n2  and  «3  are  the  components  of  a unit  vector,  are 
(a)  0,/,-z  (b)  0, 1,  — 1 

(c)  0,1  + /,  — 1,  — / (d)  0,0,0 

Ans:  (a) 
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0 

“«3  n2 

0 

- n3 

n2 

Solution:  A = 

0 - n] 

=>-At  = 

«3 

0 

~nx 

_~n2 

nx  0 

-n2 

0 

' 0 

-«3  n2 

n3 

0 

1 

JS 

_-n2 

Hj  0 

=>  \ = 

0 

=>  A2  = “\ 

I 2 2 2 

\~nx  ~n2  -n3 

Aj 

= V-' 

but  yjn[ 

+ 

+ «3  =1 

so, 

4 = 

) , X2  = L , X3  = —L 

2 2 2 

1 n2  n2 


A = -AT  (Antisymmetric).  Eigenvalues  are  either  zero  or  purely  imaginary. 
Q2 1 . Which  of  the  following  limits  exists? 

f N 1 A 


N 1 

(a)  lim  V — bln  A 

^°°l  m 

N , 

It 


(c)  lim 

JV — 


In  A 

V m=i  V yyi  j 


f N i A 

(b)  lim  V — -In A 

m ) 

N 1 

(d)  limY  — 


Ans:  (b) 

Q22.  A bag  contains  many  balls,  each  with  a number  painted  on  it.  There  are  exactly  n balls 
which  have  the  number  n (namely  one  ball  with  1,  two  balls  with  2,  and  so  on  until  N on 
them).  An  experiment  consists  of  choosing  a ball  at  random,  noting  the  number  on  it  and 
returning  it  to  the  bag.  If  the  experiment  is  repeated  a large  number  of  times,  the  average 
value  the  number  will  tend  to 


(a) 


2 A + 1 


<»f 


(c) 


Ans:  (a) 


Solution:  Total  number  of  balls  1 + 2 + 3 + 4 + + N = 


N + 1 


JV(JV  + l) 


(d) 


n(n  + 1) 


The  probability  for  choosing  a k,h  ball  at  random  = 


k 

N{N  + \) 
2 
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Average  of  it  is  given  by  (k)  = 'Lk-  P = 


2 lk: 


N{N  + l)(2A  + 1) 


n(n  + i)  a(a+i) 


= ™±I  Where 

3 6 

Q23.  Consider  a sinusoidal  wavefonn  of  amplitude  IF  and  frequency /0.  Starting  from  an 

arbitrary  initial  time,  the  wavefonn  is  sampled  at  intervals  of  — — . If  the  corresponding 

2/0 

Fourier  spectrum  peaks  at  a frequency/  and  an  amplitude^  , them 


(a)  / = 2 /o  and  A = IV 
(c)  / = 0 and  A = IV 
Ans:  (b) 

Solution:  y = lsin(2;r  f0t) . 

The  fourier  transfonn  is: 

In  Fourier  domain  f = fQ,A  = ^ . 


(b)  / = 2/o  andO  <A  <1A 
(d)7  = yand!  = -^F 


Q24.  The  unit  normal  vector  of  the  point 


2 2 2 
x2  v2  z2  1 . 

— — + H — — = 1 IS 

a-  b c 


(a) 


(c) 


bci  + caj  + abk 

yla2  +b2  +c2 

/\  /\  * 
bi  + cj  + ak 

■Ja2  +b2  +c2 


NET/JRF  (DEC-2012) 

a b c 

V3  ’ V3 ’V3 


on  the  surface  of  the  ellipsoid 


(b) 


(d) 


ai  +bj  + ck 
4 a2  +b2  +c2 

/V  /V  * 

i ~\~  j + k 
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Ans:  All  the  options  given  are  incorrect. 


[fiziks 

ItmK* 


Solution:  Here  (f>  = — y + - 1 . 

a b~  c 


TT  . , . W 

Unit  normal  vector  is 


So,  = 
V</> 


v<t> 


d ~ d ~ d 

i 1-  / 1-  A:  — 

dx  3v  3z  y 


X"  V z , 

~ + T7  + ~_1 
a-  b c 


2xi  2yj  2 zk 
+ -AU  + 

a 2 b2  c2 


A’VJ’VJ 


2 , 2 , 2 - 

W3'+AV3y+A3 


4 4 4 

■ + — — + - 


2 b2c2  +a2c2  +a2c2 


3a2  3 b2  3c2  ^3 


a2b2c2 


V</> 


2 ? 2 , 2 - 


bci  + caj  + abk 


a b c 


2 ylb2c2  +c2a 2 +a2b 2 V b2c 2 +c2a 2 +a2b2 


.A’A’VjJ  yfy  abc 

Q25.  Given  a 2x2unitary  matrix  O'  satisfying  O' 2 O'  =UU'1  =1  with  del  O'  = , one  can 

construct  a unitary  matrix  V (v " V = VPW  = l)  with  det  V = 1 from  it  by 

(a)  multiplying  O'  by  A!<a/2 

(b)  multiplying  any  single  element  of  U by  e ,<p 

(c)  multiplying  any  row  or  column  of  U by  e~l,pl2 

(d)  multiplying  U by  e up 
Ans:  (a) 
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Q26.  The  graph  of  the  function  /(x)  shown  below  is  best  described  by 

(a)  The  Bessel  function  J0  (x) 

(b)  cosx 

(c)  e x cosx 

(d)  —cosx 
x 

Ans:  (a) 


fiziks 

k'S'.l« 


x 


(d)  5/16 


Q27.  In  a series  of  five  Cricket  matches,  one  of  the  captains  calls  “Heads”  every  time  when  the 
toss  is  taken.  The  probability  that  he  will  win  3 times  and  lose  2 times  is 
(a)  1/8  (b)  5/8  (c)  3/16 

Ans:  (d) 

,5-3  , / lV 

\2j 


Solution:  P = 


rr 

3 

r n 

i-- 

v2. 

l 2 J 

5! 


1 

= — x 


3!(5  — 3)!  8 

1 5x4x3! 


5! 


20 

32 


'3!(5-3)l 

5 _ 5 
~ 16 


32  3!x  2!  32  8x2 

The  probability  of  getting  exactly  A:  successes  in  n trials  is  given  by  probability  mass 

function=  — ■— — - pk  ■ (l  - /?)"  A , k = successes,  n = trials. 
k\\n-k)\ 

Q28.  The  Taylor  expansion  of  the  function  ln(coshx),  where  x is  real,  about  the  point  x = 0 
starts  with  the  following  terms: 


(a)  -—x2  + — x4  +.... 
2 12 

(c)  - — x2  + — x4  +.... 
2 6 


(b)  —x°  -—x4  +.... 
2 12 

(d)  —x2  + —x4  + .... 
2 6 


Ans:  (b) 


Solution:  coshx  = 


e + e~ 


.Tailor’s  series  expansion  of  /(x)aboutx  = 
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f(x)  = f{a)+  ^(x  -a)  + ^ + +-—(* -a)3  +....  Here  a = 0 . 


fiziks 
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/W=  log 


/"  w= 


x . x 

e + e 


= 0 , /'(x)|  = — ^ — - • — = — — — = tanh  x = 0 


jc=0 


lx=0  ex  + ex  2 ex+e~x 


lx,  -x  Y X , -X  } 

[e  +e  \e  +e  j 

l-l 

if 

-e-) 

* 

1 

1 

* 

1 

(ex+e 

-) 

I2 

I X —x 

-\e  -e 


If+e-r 


1=1 


- tanh2  x 


At  x = 0,  /"(x)  = l,/’"(x)  = -2 


/(x)  = -x2  - — x4  +. 
W 2 12 


Q29.  The  value  of  the  integral  [ 2 ^ — , where  C is  a closed  contour  defined  by  the 

*,  z - 5z  + 6 

equation  2|z|  -5  = 0,  traversed  in  the  anti-clockwise  direction,  is 
(a)  -16;r/  (b)  16zr  / (c)  8;r/  (d)  2ni 

Ans:  (a) 

Solution:  z2  -5z  + 6 = 0=>z2  -2z-3z  + 6 = 0=>  z(z  - 2)-3(z  -2)  = 0=>z  = 3,2 
2|z|  = 5 =>  |z|  = 2.5  , only  2 will  be  inside. 

8 r z3c/z 


Residue  = (z  - 2) 


(z-3)(z-2) 


z=2 


2-3 


-8=r 


z - 5z  + 6 


= 2tt  /(—  8)  = — 1 6tt  / 


NET/JRF  ( JUNE-2013) 


oo  v n 


Q30.  Given  that  Yh„  (x)—  = e ^+2tx 
to  n- 

the  value  of  H4( 0)  is 

(a)  12  (b)  6 

Ans:  (a) 


(c)  24 


(d)  - 6 
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oo  j n 

Solution:  ^Hn(x) — = e ’ +2tx 


V//,(0)— = e-,!  =l-t2  + — - — 
H n\  2!  3! 


«=o 


n\ 


n= 0 


4!  2!  2! 

Q31.  A unit  vector  h on  the  xy  -plane  is  at  an  angle  of  120°  with  respect  toz  . The  angle 
between  the  vectors  u = ai  +b n and  v = an + bi  will  be  60° if 

(a)  b = V3 a / 2 (b)  b = 2a  / V3  (c)  b = a / 2 (d ) b = a 

Ans:  (c) 

Solution:  u = ai  +bn , v = an  + bi 


u ■ v = 


(ai  +bnj-(an  +bi\- 


cos  60  = a "7  • h . + ab  + ba  + b 1 n.i 
\ja2  +b2  +2abcosl20  j -cos 60  = a2  cos\2ti  + lab  + b1  cos  120 


( \\ 

a2  +b2  -2 abx  — 

{ 2) 


■ cos  60  = - — (a2  + b2)+2ab  = — (a2  +b2')—  — = - — (a2  + b2)+2ab 


>a2  +b2  = 


5 ab 


, a 
b = — . 
2 


Q32.  With  z = x + iy,  which  of  the  following  functions  f(x,y ) is  NOT  a (complex)  analytic 
function  ofz  ? 

(a)  f(x,  y)={x  + iy-  8)3  (4  + x2  - y 2 + 2 ixy) 

(b)  f(x,  y)  = (x  + iy)1  (l  - x - iyf 

(c)  f{x,  y)  = (x2  - y 2 + 2 ixy  - 3)5 

(d)  f{x,  y ) = (l  - x + iy)4  (2  + x + iyf 
Ans:  (d) 

Solution:  /(x,  y ) = (l  - x + iyf  (2  + x + iyf 
= {l  - (x  - iy))4  (2  + x + iyf 
Due  to  present  of  z = (x  - iy) 
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Q33.  The  solution  of  the  partial  differential  equation 

d2  , , d2  , x n 

—Yu(x,t)-—Yu{x,t)  = 0 
dt  dx 

satisfying  the  boundary  conditions  u(0,t)  = 0 = u\L,t)  and  initial  conditions 


w(x,0)  = sin {nxl  L)  and  — u(x,t) L0  =sin(2 mt  L)  is 

dt 

(a)  sin(;rx/T)cos(;rt/T)  + — sin(2;zx/  L)cos(27r  t / L) 

2 n 

(b)  2 sin(;zx  / L )cos(;r t!  L)-  sin(;zx / L) cos(2^  t / L) 

(c)  sin(;zx  / L) cos(2;r  t/  L)  + — sin(2;zx  / T)sin(;r  t / L) 

n 

(d)  sin(^x/T)cos(^t/T)  + — sin(2m:/T)sin(2^t/Z) 

2 jz 


Ans:  (d) 
Solution: 


d2u  d2u  . / ;rx  . 2;rx 

— = 0 , m(x,0  ) = sin and — = sin 

St2  dx2  L dt  L 


This  is  a wave  equation 

_ , ■ • ■ , / \ , an7T t „ . aunt 

So  solution  is  given  by  u[x,t)  = 2_\  An  cos-  - + Bn  sin 


L 


with  An  = - | f(x)sin'-^-dx,  Bn  = — [ g(n)sin'-^-dx 

J T nn  rr  ^ T 


L 


ann  ■ 


L 


„ . 2 <92m  d2u  . , , rt  \ . nx  / \ . 2;rx 

Comparing  a — — = We  have  a = 1 and  / (x)  = sin , g(n)  = sin 

dt  dx  L L 


. 2 r . tec  . nnx  , 2 r . , tzx  . 2 r 

Am  = — sin  — sin dx  = — sin'  —dx  = — 

T j T T T j T T j 


L ■ 


L 


L 


L ■ 


L 


2_ 

L' 


1-cos 


2 7a 
L 


dx  = — ■ — = 1 (let  n = 1 ) 
L 2 


J 


Putting  n = 2 
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2 7.  n*  L r*  L 

r . 2 m . nm  , 2 r ■ ? 2m  , 2 


„ z r ■ z;zx  • , z r • 2 z;zx  , z r 

5/7  = sin sin dx  = — sin"  —ax  = — 

ann\  L 1 T r)rrr* 


L 


1-cos 


Atdc 

L 


dx~—  — 
2 n 2 2k 


J 


Q34.  The  solution  of  the  differential  equation 

dx  , 


= x 


dt 

with  the  initial  condition  x(o)  = 1 will  blow  up  as  t tends  to 
(a)  1 (b)  2 (c)V2 

Ans:  (a) 

dx  , r dx  r , x~2+1  _ - 1 


(d)  oo 


Solution:  — = x2  =>  f ■ ^ = f dt 
dt  J v2  J 


- — t + C — — t + C 
-2  + 1 x 


=>  x(o)  = 1 =>  — - = 0 + C=>C  = -l=>  — - = t-  l=>x  = — — as  t — > 1 x blows  up 
1 x 1 — t 


035.  The  inverse  Laplace  transforms  of  — — - 

S2(s  + l) 


is 


1 


2 -t 


(a)  —t  e 
2 


(c)  t~  1 + e ' 

Ans:  (c) 

Solution:  f(s)  = — — =^>  f(t ) = 


(b)  -t2+  l-e-' 
2 

(dfV(i-e-) 


L 


s + l 

1 


r'  => l 


_s(s  + 1) 

t 

= | (-  e '*  + 1 )dt  = ( e + 1)  [,=  e + t - 1 . 


J e 1 dt  ={-e  ' )0  = (-  e 1 + 1) 


_s2(s  + l)_ 

Q36.  The  approximation  cos  6 « 1 is  valid  up  to  3 decimal  places  as  long  as  \0\  is  less  than: 
(take  180°  I n ~ 57.29°) 


(a)  1.28c 
Ans:  (b) 


(b)  1.8  lc 


(c)  3.28c 


(d)  4.01c 
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02  02 

Solution:  cos  6 = 1 b 

2!  4! 


»1 


e^_ 

2! 


cos  6 « 1 when  6 = 1.81°  « = .0314 

100 


JRF/NET-fDEC-2013) 

* A A A . f*  * > 

Q37.  If  A = iyz  + jxz  + kxy  , then  the  integral  <b  4 • dl  (where  C is  along  the  perimeter  of  a 

c 

rectangular  area  bounded  by  x = 0,x  = a and  y = 0,  y = b)  is 
(a)  ^-(a3  + b3)  (b)  ;r(aZr  +o2h)  (c)  ;r(o3+Zf)  (d)  0 

Ans:  (d) 

-dl  = j(vx  A^da  = 0 since  V x A = 0 . 

c s 

Q38.  If  A,  B and  C are  non-zero  Hermitian  operators,  which  of  the  following  relations  must 
be  false? 

(a )[A%B\  = C (b)  AB  + BA  = C (c )ABA  = C (d )A  + B = C 

Ans:  (a) 

Solution:  [A,  B]  = C =>  AB-BA  = C =>  (AB- BA)f  = Cf 

((AB)f  - ( BA)f ) = Cf  =>  (5tAt)  - (AfBf ) = Cf 
Hence  A,B  and  C are  hennitian  then 
BA  - AB  = C * [A,  B]  = C 

Q39.  Which  of  the  following  functions  cannot  be  the  real  part  of  a complex  analytic  function 
of  z = x + iyl 

(a)  x2 y (b)  x2  - y2  (c)  x3  - 3xy 2 (d)  3x2y  - y - y 3 

Ans:  (a) 
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Solution:  Let  x2ybe  real  part  of  a complex  function.  Use  Milne  Thomson’s  method  to  write 
analytic  complex  function.  The  real  part  of  that  function  should  be  (1)  but  that  is  not  the 
case.  So  this  cannot  be  real  part  of  an  analytic  function.  Also, 
z2  = (x  + iy )2  = x2  - y 2 + 2 ixy , Real  part  option  (2) 
z3  = (x  + iy)3  = x3  - (y3  + 3 ixy(x  + iy) 

= x3  - iy 3 + 3/x2_y  - 3xy2  , Real  part  option  (3) 

Q40.  The  expression 

f d2  82  82  82  'l  1 


fiziks 

k'.s'.l« 


dx2  dxl  dx2  dx4  J (x2  + x2  + x2  + x 2 ) 

is  proportional  to 

(a)  S(xl  + x2  + x3  + x4 ) 

(c)  (x2  + x2  + x32  + X4  ) 

Ans:  (b) 

Solution: 


-3/2 


(b)  r)(x]  )S(x2  )S(x3  )S(x4 ) 
(d)  (x2  + x2  +x3  + x4 ) 


’ d 

( 1 "j 

-2xj 

l\ 

, 2 . 2 . 2 . 2 
+ X2  + X3  + X4  j 

(x2  + x2  + x2  + x2  )2 

52  - 0 

2 . 2 . 2 . 

+ x2  +X3  + X 

1.) 

• 1 - 2 • 2xj  • x,  ( 

2 , 2 . 2 . 2\ 
A + *2  + *3  +X4) 

dxf 

Ti 

+ X2  + X2  + X2 

r 

= -2 


" 

x\ 

. 2 . 2 . 2 ^ 
+ x2  +x3  +x4J 

2- 

4x4 

l 

00 

X 

to 

-2 

f 2 , 2 . 2 , 2) 

Ai  + *2  +U  +x4) 

x\  + X2  + X3  + X4  , 

3 

X1  + X2  + X3  + X4  , 

3 

Now  similarly  solving  all  and  add  up  then  we  get 


f d2 

d 2 

32 

d2  } 

f 1 

1 1 0 

+ 

+ 

+ 

— 

H — H — H — 

Ux2 

dx2 

dx; 

r5x 

ux4  y 

222 
X2  X3  X4  y 

_ 8(-*i 


2+x2+x3+x2  I- 


)-8(xj2 


2 + x2+x2  + x2 


(x,2  +U+X3+X2) 

also  if  all  xvx2,x3,x4  becomes  zero  it  should  be  infinity. 


= 0 
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So 


f 82  d2  82  d2  A 

T T T ^ 

^ dxf  dx2  dx2  dxi 


1 

(xf  + x;  + x2 

+ X4  ) 

Q4 1 . Given  that  the  integral  J 


dx 


y + x~  2y 


— , the  value  of  f 

J 


= S{xi)-S(x2)-S(x3)-S(x4) 
dx 


(y+v): 


is 


(a)  — 

y 


(b) 


7C 


4 v3 


(c) 


7t 

8? 


(d) 


n 


2v3 


Ans:  (b) 

co 

Solution:  J 


dx 


1 00 


dx 


o(v2+x2)2  2io(v2+x2) 


2 ? 


pole  is  of  2nd  order  at  x = iy , residue  = 1 / (4zV  j 


Integral  = 1 / 2 * 2m  * 1 / (4 iy2 ) = n / (4  v3 ) 

Q42.  The  Fourier  transform  of  the  derivative  of  the  Dirac  8-  function,  namely S'(x),  is 
proportional  to 

(a)  0 (b)  1 (c)  sin&  (d)  ik 

Ans:  (d) 

Solution:  Fourier  transform  of  S'(x) 

H(k)=  [ S'{x)e'kx dx  = ikeiki>'  = ik 

J— 00 

Q43.  Consider  an  nxn{n>  l)  matrix^,  in  which  Atj  is  the  product  of  the  indices  i and  j 
(namely  A;j  =ij).  The  matrix  A 

(a)  has  one  degenerate  eigevalue  with  degeneracy  (n  - 1 ) 

(b)  has  two  degenerate  eigenvalues  with  degeneracies  2 and  (n  - 2) 

(c)  has  one  degenerate  eigenvalue  with  degeneracy  n 

(d)  does  not  have  any  degenerate  eigenvalue 
Ans:  (a) 


Solution:  If  matrix  is  2 x 2 let 


f\  2^ 
V2  4y 


then  eigen  value  is  given  by 


Head  office 

fiziks,  H.No.  23,  G.F,  Jia  Sarai, 

Near  IIT,  Hauz  Khas,  New  Delhi-16 
Phone:  011-26865455/+91-9871145498 


Branch  office 

Anand  Institute  of  Mathematics, 
28-B/6,  Jia  Sarai,  Near  IIT 
Hauz  Khas,  New  Delhi-16 


Website:  www.physicsbyfiziks.com 
Email:  fiziks.physics@gmail.com 


21 


fiziks 


Institute  for  NET/JRF,  GATE,  IIT-JAM,  JEST,  TIFR  and  GRE  in  PHYSICAL  SCIENCES 


[fiziks 

k'.s!l« 


1-A  2 

v 2 4 -X] 


0^(\-A)(4-A)-4  = 0^A  = 0,5 


If  If  matrix  is  3 x 3 let 


1 2 3 

2 4 6 

3 6 9 


then  eigen  value  is  given  by 


1-A  2 

2 4 -A  6 

3 6 9-A 


= 0 


(l  - A)[{4  - Af 9 - A) - 36]  + 2[l  8 - 2(9  - A)\  + 3[l 2 - 3(4  - A)} 

(1-A)[a2  - 13/1  + 36 - 36j+  2[l8 - 18  + 2/l]  + 3[l2 - 12  + 3A\  = 0 
A2  -13A-A3  + 13A2  +13/L  = 0 =>  A3 -14A2  = 0^A  = 0,0, A = 14 
i.e.  has  one  degenerate  eigenvalue  with  degeneracy  2. 

Thus  one  can  generalized  that  for  n dimensional  matrix  has  one  degenerate  eigevalue 
with  degeneracy  (n  - 1) . 

Q44.  Three  sets  of  data  A,  B and  C from  an  experiment,  represented  by  x,  andO,  are 
plotted  on  a log-log  scale.  Each  of  these  are  fitted  with  straight  lines  as  shown  in  the 
figure. 


The  functional  dependence  v(x)  for  the  sets  A,  B and  C are  respectively 


(a)  yfx,  x and  x2 
Ans:  (d) 


X 1 

(b) , x and  2x  (c)  — , x and  x 


1 

(d)  —j=,  x and  x 
Jx 
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JRF/NET-(  JUNE-2014) 

Q45.  Consider  the  differential  equation 

d2x  „dx 
— — + 2 — + x = 0 

dr  dt 

with  the  initial  conditions  x(0)  = 0 and  x(0)  = 1 . The  solution  x{t)  attains  its  maximum 
value  when  t is 

(a)  1/2  (b)  1 (c)  2 (d)  oo 

Ans:  (b) 

/7  ^ y /7y  -j 

Solution:  — T + 2 r x = 0 =>  m2  + 2m  + l = 0=>(m  + l)  = 0 =>  m = -1, 1 

dt 2 dt  V ’ 

=>  x = (q  + c2t)e~‘  since  x(0)  = 0 =>  0 = Cj  =^>  x = c2te 0 
^x  = c2  [-te-'+e-'] 

Since  x(0)  = l^>l  = c2=>x  = te~‘ 

For  maxima  or  minima  i = 0 =>  x = -te‘  + A'  = 0 =>  x = e~*  (l  - 1) 

e~‘  = 0,  1 - 1 = 0 =>  t = co,  t = 1 
x = (-1)  + (l  - 1)  if'  (-1)  = -e~'  + [t  - l)e~r 

=>  x(l)  = -e“'  + 0e~~t  < 0 
Q46.  Consider  the  matrix 

A 0 2 i 3 " 


fiziks 


M = 


- 2 i 0 6/ 

- 3z  - 6/  0 


The  eigenvalues  of  M are 
(a) -5, -2,  7 (b)  -7,  0,  7 

Ans:  (b) 


(c)  -4z,  2z,  2z 


(d)  2,  3,  6 


' 0 

2 i 

3d 

r 0 

2 i 

3d 

Solution:  M = 

-2  i 

0 

6i 

, M+  = 

-2  i 

0 

6 i 

-3/ 

-6  i 

-3i 

-61 

o. 
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M+  = M 

Matrix  is  Hermitian  so  roots  are  real  and  trace  = 0. 

A^  + A-,  A^  = 0,  A^  • A2  • Aj  = 0 A = —7, 0, 7 

Q47.  If  C is  the  contour  defined  by  I z I = — , the  value  of  the  integral 


2 


is 


(b)  2 ni 


(a)  oo 


(c)  0 


(d)  ni 


Ans:  (c) 


Q48.  Given  Pn  (x)tn  = (l  - 2 xt  + 12 ) ' " , for  1 1 1 < 1 , the  value  of  P5  (- 1)  is 

(a)  0.26  (b)  1 (c)  0.5  (d)  -1 

Ans:  (d) 

Pn  (-1)  = -1  if  n is  odd  P5  (-1)  = -I 
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The  graph  of  a real  periodic  function  f(x)  for  the  range  [-  oo,  oo]  is  shown  below 


Which  of  the  following  graphs  represents  the  real  part  of  its  Fourier  transform? 


(a) 

Re/W  (b) 

Rtf(k) 

(c) 

k 

R ef(k) 

k 

R ef(k) 

k 

k 

Ans:  (b) 

Solution:  This  is  cosine  function 

/(x)  = Acosx  =>  F(k ) = £„)  + 8{k  + £0)] 

NET/JRF  (DEC-2014) 

Q50.  Let  r denote  the  position  vector  of  any  point  in  three-dimensional  space,  and  r = | r 
Then 


(a)  V • r = 0 and  V x F = r / r (b)  V • r = 0 and  V2r  = 0 

(c)  V • f = 3 and  W2r  =r  / r 2 (d)  V • r = 3 and  V x f = 0 

Ans:  (d) 

Solution:  r = xx  + yy  + zz 
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— - dxdydz 

V • r = = — + — + — = 1 + 1 + 1 = 3 


Ifiziks 

k'.s!K2 


dx  dy  dz 


Vxr  = 


X V z 

d/  dx  d/  dy  d I dz 
x y z 


= x 


dz  dy 
dy  dz  J 


^ ( dx  dz^\  J dy  dx ^ 


+ v 


ydz  dx  j 


+ z 


dx  dy 


= 0 


(a') 

o 

o 

Q51.  The  column  vector 

b 

is  a simultaneous  eigenvector  of  A = 

0 1 0 

,a) 

11  0 0, 

and 


B = 


0 1 1 
1 0 1 
1 1 0 


if 


(a)  b = 0 or  a = 0 
(c)  b = 2a  or  b = -a 
Ans:  (b) 

Solution:  Let  b = a 


(b)  b = a or  b = -2a 
(d)  b = a / 2 or  b = -a  / 2 


"0 

0 

r 

f a ' 

fa > 

f 0 

1 

n 

f a ) 

fa) 

0 

1 

0 

a 

= 

a 

and 

1 

0 

i 

a 

= 

a 

= 

a 

vl 

0 

0, 

Kal 

,a) 

11 

1 

v«. 

[aj 

,a. 

Let  b = -2a 


r0 

0 

n 

r 

a ' 

f a ) 

( 0 

1 

r 

f 

a 

(-a} 

fa  ' 

0 

1 

0 

-2a 

= 

-2a 

and 

1 

0 

i 

-2  a 

= 

2 a 

= -l 

-2a 

vl 

0 

o. 

V 

a j 

J 

11 

1 

0, 

V 

a j 

-aj 

v a V 

For  other  combination  above  relation  is  not  possible. 

°°  sin(2x) 


Q52.  The  principal  value  of  the  integral  J 

(a)  -2n  (b)  -n 

Ans:  (a) 


dx  is 


(C)  TC 


(d)  2 n 
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Solution:  Let  / (z)  = - 


. 3 

limz^0  (z-O)"  /(z)  = limz^0  (z-0)J  — — = 1 y finite  and  0)  =>  z = 0 is  pole  of  order  3. 


1 

Residue  R = — lim 


2 ! z— >o  dz 2 


P-°>7 


= -2 


=>  J f(x)dx  = niLR  = m(~. 2)  = -2/n  =>  Im . Part  = -2/r  =>  J / (x)  dx  = - In 

Q53.  The  Laurent  series  expansion  of  the  function  /(z)  = e*  + e1/r  about  z = 0 is  given  by 


(a)  Y°°  — for  all  I z I < 

v J Z-Jn=-w  n j II 


oo 


(b)  x 


«=o 


z +- 


— only  if  0 < z < 1 


z j n\ 


w s:„[ 

Ans:  (c) 


z + - 


z J n\ 


1 n 

— for  all  0 < I z I < oo  (d)  V — only  if  I z I < 1 

nl  11  ill  1 1 


Solution:  e'  = 


f z2  > 


1 + Z + — + .... 
2! 


ZOO  Z , 1 / Z 1 t 11  1 

— and  6 = 1 H 1 + — = / — 

"=0  n ! z 2!  z2  ^n=0znn\ 


f(z)  = er+e'^  = Y,:  o(z"  + |:; 


1 


for  all  0 < z < oo 


Q54.  Two  independent  random  variables  m and  n , which  can  take  the  integer  values 
0,  1,  2,  oo , follow  the  Poisson  distribution,  with  distinct  mean  values  //  and  v 
respectively.  Then 

(a)  the  probability  distribution  of  the  random  variable  l = m + n is  a binomial 
distribution. 

(b)  the  probability  distribution  of  the  random  variable  r = m - n is  also  a Poisson 
distribution. 

(c)  the  variance  of  the  random  variable  l = m + n is  equal  to  //  + v 

(d)  the  mean  value  of  the  random  variable  r = in  - n is  equal  to  0. 

Ans:  (c) 

Solution:  af  = cr2  + cr2  = //  + v 
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Q55.  Consider  the  function  f(z)  = — ln(l  - z)  of  a complex  variable 

z 

z = re,e(r  > 0,  -oo  < 9 < oo).  The  singularities  of  /(z)  are  as  follows: 

(a)  branch  points  at  z = 1 and  z = co ; and  a pole  at  z = 0 only  for  0 < 9 < 2n 

(b)  branch  points  at  z = 1 and  z = oo ; and  a pole  at  z = 0 for  all  9 other  than  0 < 6 < 2k 

(c)  branch  points  at  z = 1 and  z = oo ; and  a pole  at  z = 0 for  all  9 

(d)  branch  points  at  z = 0,  z = 1 and  z = co . 

Ans:  None  of  the  above  is  correct 
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Solution:  For/ (z)  = — ln(l-z)  = — 


f 

z2 

z3 

z2 

-z  - 

— 

— 

1 z 

— 

V 

2 

3 

) 

2 

3 

There  is  no  principal  part  and  whenz  — >0,  /(z)  = -1 . So  there  is  removable  singularity 
at  z = 0 . Also  z = 1 and  z = oo  is  Branch  point. 

(-O' 


Q56.  The  function  /(x)  = 


/ \ 2n+\ 

X ' 


\\{n  + l)l 


satisfies  the  differential  equation 


d\l 

dx 1 

d\) 

dx 2 


+ x — + (x2  +1 )/  = 0 
dx  V ’ 

2 d2  f df 

(b)  x — / + 2x  — - 
dx  dx 

+ x — + (x2-l )/  = 0 
dx  V ’ 

2 d2f  df 

(d)  x2  \ x J + 
dx  dx 

Ans:  (c) 
Solution:  /(x)  = 


(-O' 


n ! (n  + l)l 


/ \ 2/2+1 
X 


is  generating  function  (Bessel  Function  of  first  kind) 


s' 

which  satisfies  the  differential  equation  x2  — y + x r (x2  - n2 ) / = 0 , put  n - 1 . 

dx  dx 

Q57.  Let  a and  /?  be  complex  numbers.  Which  of  the  following  sets  of  matrices  forms  a 


(a) 

(c) 

Ans:  (d) 


group  under  matrix  multiplication? 


v0  0y 

c *\ 

a a 

P P* 


, where  aP*  is  real 


(b) 


(d) 


1 a 

P 1 


a 

-P’  a 


, where  ap  + 1 


where  \ a\  +\P\  =1 
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a fd 

O*  * 

-p  a 


= \cc\2+\p\2  =1 


Solution: 

Q58.  The  expression  \xt , \pj , Lk  }}  (where  e;  jk  is  the  Levi-Civita  symbol,  x,p,L  are 


i,j,k= 1 


the  position,  momentum  and  angular  momentum  respectively,  and  {A,  5}  represents  the 
Poisson  Bracket  of  A and  B ) simplifies  to 

(a)  0 (b)  6 (c)  x,  ( p x Z)  (d)  x x p 

Ans:  (b) 

NET/JRF  (JUNE-2015) 

dx 


00 

Q59.  The  value  of  integral 

J -oo  J 


(a) 


Ans.  (a) 


n 


(b) 


+ x' 
n 


4 


(c)  V2. 


;r 


/•OO 

Solution: 

J —oo  j 


dz 


\z\  = R 


+ z 


Now  pole 

n = 0,  => 


z = e 


1 


1 


1 . 1 


: e 4 = — p=-  + i —j= , n = 2 =>  z7  = — ==■  - / — ==■ 

V2  V2  " V2  V2 


n = 1 : 


z,  = e 


(37T 


-i  i 


i 


+ i—i=,n  = 3 =>  z,  = +— ;=-z 


1 


V2  V2 


V2  V2 


only  z0  and  Zj  lies  in  contour 


£ i 

i.e.,  residue  at  z = e 4 = — 

4 


1 _ 1 

V2“?V2 


iZn 

residue  at  z = e 4 = — 
4 


f 


*V2 


r dx  . n 

now  — = 2msKQs  = —j= 

J-x4  + l V2 


(d)  2 n 
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Q60.  Consider  the  differential  equation 

t = 1 , the  value  of  x at  t = 2 is 
(a)  e2  + 1 (b)  e2  + e 

Ans.  (b) 

Solution:  D2  - 3D  + 2 = 0 

(D-1)(D-2)  = 0=>D  = 1,2 
using  boundary  condition  x = 0,  t = 0 


d~x  „ dx 


- 3 — + 2x  = 0 . If  x = 0 at  t = 0 and  x = 1 at 


dt 2 dt 


(c)  e + 2 


2 1 . t 

X = c\e  + c2e 


C\  C2 


again  using  boundary  condition  x = 1,  t = 1 

e2'  1 


1 1 

2 ’ C1  — _ 2 


• X = 


2 2 
e —e  e-re. 


e-e  e -e 
again  using  t = 2 then  x = e2  + e 
Q6 1 . The  Laplace  transform  of  6f  + 3 sin  At  is 

36  12 

s 


(a)  — + 2 


4 sl  + \6 


f , 18  12 

-T+te 


si-16 


_ 36  12 

(b)  — + ^-iT 
5 5-16 

,,,  36  12 

(d)  — + 

s s +16 


Ans.  (a) 


Solution:  L^6t3  +3sin4tj  vl[f  ] = 


(d)2e 


L sin  at  = 


2 . 2 

s +a 


6x14  3x4  _ 36  12 

^+77l6 
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Q62.  Let  f(x,t ) be  a solution  of  the  wave  equation  — — = v2— — in  1 -dimension.  If  at 


Ifiziks 


dt1 


dxz 


t = 0,/(x,0)  = e x and  — (x,0)  = 0 for  all  x,then  f(x,t ) for  all  future  times  t > 0 is 


described  by 


(a)  e 


-vV) 


(c)  -e-^f 

4 4 

Ans.  (d) 

d2  f 82  f 

Solution:  For  — — = v2 


(b)  e-(x-vtf 

ix—vif  , ~( X+Vt)2 

V J _|_e  v ) 


ST 


ex2 


St 


(x,0)  = 0 and  /(x,0)  = e 


/ = -j[/(*  + vO  + /(*-v*)] 
therefore,  solution  is  / = — + e 


-(x+vtf 


NET/JRF  (DEC-2015) 

Q63.  In  the  scattering  of  some  elementary  particles,  the  scattering  cross-section  cr  is  found  to 
depend  on  the  total  energy  E and  the  fundamental  constants  h (Planck’s  constant)  and  c 
(the  speed  of  light  in  vacuum).  Using  dimensional  analysis,  the  dependence  of  cr  on 
these  quantities  is  given  by 


, , he 

(a)  \ — 
V E 


hc 

(b)^ 


(C) 


f hc^1 


J 


<d>- 

E 


Ans.:  (c) 

Solution:  The  dimension  of  cr  is  dimension  of  “Area’ 
h = Joul  - sec 
c = m / sec 
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E = Joul 

= m2  dimension  of  area 


he 

\Ej 


Q64.  If  y = 
(a)  In 

(c)  In, 

Ans.:  (d) 
Solution:  y = 


1 


tanh(x) 


vT~l 


, then  x is 


v-1 

iy+ 1 


(b)  In 


(d)  In. 


r Zz}} 

v + iy 

[z+I 

h- 1 


i 


tanh  x 


y- 


e +e 


e -e 


2x  . i 

e + 1 

2x  i 

e -1 


ye2x  -y  = e2x  +1^  ye2*  -<g  =1  + y ^ e2x  = l + y 

2x  = In 


Av  + 1A 
v-1 


x = — In 
2 


v + 1 
v-1 


In 


Q65.  The  function  — 


sin  nz~ 


ry  + iv 
v-1 


of  a complex  variable  z has 


(a)  a simple  pole  at  0 and  poles  of  order  2 at  ±V»  for  n = 1,2,3... 

(b)  a simple  pole  at  0 and  poles  of  order  2 at  ±sfn  and  ±iyfn  for  n = 1,2,3. 

(c)  poles  of  order  2 at  ±J~n  , n = 0,1, 2,3... 

(d)  poles  of  order  2 at  ±n  , n = 0, 1, 2,3... 
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Ans.  : (b) 

Solution:  /(z)  = — 


sin;rz-  2 sin;rz 

UZ  ~ — 

nz 


. , . . , , . sin  nz 

at  z = 0 these  is  a simple  pole  since  Inn — = 1 

z_>0  nz1 


Also,  sin  nz1  = sin  nn  lim(z-Vn)  . — - — 7 

/ sin^z 

nz 2 = ±nn  z = ±4n,  ±iyfn 
exists  so  its  pole  of  order  2 . 

Q66.  The  Fourier  transform  of  /(x)  is  /(&)  = J dxe,fa/(x). 

If  / (x)  = aS (x)  + (58' (x)  + y8" (x) , where  (x)  is  the  Dirac  delta-function  (and  prime 
denotes  derivative),  what  is  /(£)  ? 

(a)  a + i/3k  + iyk 2 (b)  a + (5k-  yk 2 

(c)  a-i(5k-yk 2 (d)  ia  + (5k -iyk2 

Ans.:  (c) 

00 

Solution:  f(k)=  J dx  e,lLX  [a8(yx)  + (58' (x)  + yS"  (x)} 

-00 

00 

| aS(x)elkx dx  = a 

-00 

00 

J (58' [x)ekx dx  = (5 

-00 


e,i'(5'(x)|  - J ikelk' 8 (x)  dx 


= -i(5k 


J y8''(x)e,kxdx  = -yk2 
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Q67.  The  solution  of  the  differential  equation— = 2 Vi— a"  , with  initial  condition  x=0  at 

dt 

t - 0 is 


(a)  x = 


n 


sin  2 1,  0<f<  — 

4 


n 


(b)  x = 


(c)  x = 


sinh  2 1,  t>  — 

4 


sin  2 1,  0 <t<  — 

4 


n 


sin  2t,  0 <t<  — 
2 


1, 


t>^- 

2 


1, 


4 


(d)  x = l-cos2r,  t > 0 


Ans.:  (c) 


Solution:  — = 2-v/l  — - 
dt 


dx 


= 2 dt 


sin  1 x = 2 1 + c 
x = 0,  t = 0 so,  c = 0 


x = sin  2 1 

x should  not  be  greater  than  1 at  x = 1 

i ‘o*  . 7T  . ~ 7T 

l = sin2t  sin— = sin2t,  t = — 

2 4 

n 

so,  x = sin2t  0<t<  — 

4 


= 1 


4 
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Q68.  The  Hermite  polynomial  Hn  (x)  satisfies  the  differential  equation 

- 2x  dH^-  + 2nH  (x)  = 0 
dx2  dx  ”V  ’ 

The  corresponding  generating  function 
G(t,x)  = — Hn  {x)tn  satisfies  the  equation 


Ifiziks 


77! 


(a) 

(c) 

Ans.:  (a) 


d2G  „ 8G  „ dG 


, -2x 1-2 1 — = 0 

dx2  dx  5t 

d2G  „ dG  dG  n 

dx2  dx  dt 


Solution:  G = —H  (x)t" 

77!  ”V  ’ 


d2G  ^ dG  ^,dG  A 

(b)  — -2x- 2r  — = 0 


dx 


dx 


dt 


, „ d2G  ^ dG  ^ d2G  A 

(d)  —r-2x- — + 2- — — = 0 


dx! 


ox  dxdt 


77  ! 


G'  = -H;(xfr 


77! 


dG  1 TT  , \ „_i 

— = — Hn  (x)nt 
dt  n\  l 

lets  check  the  options  one  by  one 

dG  „ dG  dG  n 

dx2  dx  dt 

(x)f  -2x-H;  (|c  + 2 t-H,  (*), 


77! 


77! 


77! 


H”n  (x)  - 2 xH'n  (x)  + 2xHn  (x)  = 0 , which  is  Hermite  Differential  Equation. 


Head  office 

fiziks,  H.No.  23,  G.F,  Jia  Sarai, 

Near  IIT,  Hauz  Khas,  New  Delhi-16 
Phone:  011-26865455/+91-9871145498 


Branch  office 

Anand  Institute  of  Mathematics, 
28-B/6,  Jia  Sarai,  Near  IIT 
Hauz  Khas,  New  Delhi-16 


Website:  www.physicsbyfiziks.com 
Email:  fiziks.physics@gmail.com 


35 


fiziks 


Institute  for  NET/JRF,  GATE,  IIT-JAM,  JEST,  TIFR  and  GRE  in  PHYSICAL  SCIENCES 

rs  1 1 

Q69.  The  value  of  the  integral  — r- — dx , valuated  using  Simpson’s  — rule  with  h = 2 is 

Jo  4-  S T, 


fiziks 


(a)  0.565 
Ans.:  (a) 


Jo  x +5 

(b)  0.620 


(c)  0.698 


(d)  0.736 


Solution:  I = - [ y0  + 4 ( yx  + y2  ) + 2 y2  + y4  ] 


1 + 4 

5 


(1 

n 

+ 2x 

1 

1 " 

- + — 

1 

19 

4 J 

21 

69 

1 


+ 0.5734  + 0.09523  + 0.0145 


X 

1 

y 2 c 

x +5 

1 

0 

5 

2 

1 

9 

4 

1 

21 

6 

1 

31 

8 

1 

69 

= -[0.2  + 0.5734  + 0.09523  + 0.0145] 

= -x  0.8831  = 0.5887 
3 

Q70.  Consider  a random  walker  on  a square  lattice.  At  each  step  the  walker  moves  to  a nearest 
neighbour  site  with  equal  probability  for  each  of  the  four  sites.  The  walker  starts  at  the 
origin  and  takes  3 steps.  The  probability  that  during  this  walk  no  site  is  visited  more  than 
one  is 

(a)  12/27  (b)  27/64  (c)  3/8  (d)  9/16 

Ans.:  (d) 

Solution:  Total  number  of  ways  =4x4x4 

Number  of  preferred  outcome  =4x3x3 

(y  Any  four  option  in  step-1  and  only  3 option  in  step  2&3  because  he  can  not  go  to 
previous  position) 

4x3x3  9 


probability  = 


4x4x4  16 
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